ABSTRACT Addressing global challenges, such as climate change and other related environmental concerns, requires a rethink in the organization of production and consumption processes. This also includes electricity production and consumption. The need for greater competitiveness in the provision of critical infrastructure (including electricity) is also a challenge. This has led to the liberalization of many electricity markets across the world. In this paper, following an exploratory study of nine countries across Africa, Asia, and South America, the common features that characterize the electricity market liberalization process, as well as the key drivers of electricity sector reforms across the world, were established. These features were then used to highlight the main challenges of the Nigerian electricity sector and to provide an explanation of the key milestones that characterize the Nigeria's electricity sector liberalization process (2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017). This paper further discusses five possible future models by which most electricity supply markets will be organized in the future. It concludes by proposing a new model for the organization of the Nigerian electricity industry that would not only aid in addressing the current electricity deficit challenge but also pave the way for the creation of a market structure that can drive Nigeria toward a secure energy future.
I. INTRODUCTION
The rising population and complexity in many developing countries and cities have impacted on increased demand for different infrastructure, leading to new challenges and opportunities. Parts of this challenge include the provision and management of critical infrastructure (including energy and electricity systems) [1] , [2] . To meet the rising demand for electricity and to address the current global challenges around energy use (such as Co 2 reduction), there is certainly a need for a new approach in the organization of the electricity supply industry, particularly the management and control of electricity production and distribution systems [3] . Indeed, consumers need electricity that is affordable, reliable and sustainable. How does the traditional organizational model (around which many electricity markets are organized) help in addressing the rising challenge of affordable, reliable and sustainable electrical power?
In this paper, the drivers of change in the electricity sector are presented (in section 3). Section 4 presents the challenges, features and development trajectory of the Nigerian electricity sector liberalization process. Section 5 discusses the five possible future organizational models of the electricity supply industry. In section 6, a new model for the organization of the Nigerian electricity industry is proposed. The concluding thoughts are presented in section 7.
II. METHODS
An exploratory approach was adopted in ascertaining and analyzing the attributes and features of the electricity market liberalization process in different parts of the world and how electricity market liberalization dynamics is impacting on changes in the electricity sector organizational and market structures. An exploratory study of nine developing countries across Africa, Asia and South America was conducted. The countries studied were Argentina, Jordan, Indonesia, South Africa, Tanzania, Uganda, Kenya, Zambia and Nigeria [4] . The aim was to ascertain the global dynamics and drivers of electricity market liberalization and reforms. Based on the changing electricity market dynamics (as uncovered from existing literature), five possible future models for the organization of the electricity supply industry were presented. The attributes of each model was analyzed, as well as how each model can aid the performance of the electricity supply industry. The increased liberalization of the electricity market in different parts of the world is challenging the traditional model(s) around which most electricity markets are organized (including Nigeria). This was what informed a focus on the Nigerian case [5] .
In this study (following the analysis of various organizational models) a new model is proposed for Nigeria. This new model is based on learnings from the historical challenges of the traditional monopolistic organizational model and the need to transit towards an organizational model that encourages competition and private sector involvement in the industry.
III. DRIVERS OF CHANGE IN THE ELECTRICITY SECTOR
In this section, the common organizational trajectory of electricity sector reforms that led to liberalization of the electricity market in many countries is presented. The important milestones in Nigeria's electricity sector liberalization are also presented. The key drivers of global electricity sector reforms are discussed.
Arguably, there are two broad salient drivers impacting on changes in the electricity sector based on the findings of this research. These are
• Energy reforms pathways: This focuses on the organizational path/trajectory of electricity sector reforms which is characterized by certain common features that most electricity market reforms have taken.
• Global influences: This focuses on techno-economic dynamics, technological interventions and (external and internal) market activities in developed and developing countries that have impacted on electricity sector reforms
A. ELECTRICITY REFORMS PATHWAYS: THE ORGANIZATIONAL TRAJECTORY OF ELECTRICITY SECTOR REFORMS
The first driver of changes in the electricity sector is electricity reforms pathways. The electricity reforms pathway captures some common features that characterize the liberalization process of most electricity markets based on learnings gained from the experiences of several countries. The reform process that has led to the liberalization of many electricity markets started in the 1980s [6] . In this study, the experiences of nine countries across Asia, South America and Africa were evaluated to ascertain those common features that constitute the electricity reforms pathway. The specific countries studied were Argentina, Jordan, Indonesia, South Africa, Tanzania, Uganda, Kenya, Zambia and Nigeria. Lessons were drawn from the nine countries studied in order to understand how electricity reforms pathways impacted on electricity sector liberalization. However, the analysis further zoomed-in in providing specific examples of cases within each of the regions studied, i.e. Argentina (in the case of South America), Jordan (in the case of Asia) and South Africa (in the case of Africa). Indeed, the development and liberalization process as experienced in many parts of the world seem to have some similar characteristics [7] . From the study, the five common features that characterize the development trajectory and liberalization of most electricity markets (as shown in figure 1 ) are:
• Commercialization and corporatization of existing monopoly utilities
• Introduction of regulations • Provision of Independent Power Plants and more Independent Power Projects to address rising energy demand
• Unbundling of the existing utility into different entities • Privatization of the unbundled companies Figure 1 shows the development trajectory with key milestones that most (partially) liberalized electricity markets have followed. This development trajectory has aided the shift from a monopolistic electricity market structure to an increased competitive market structure. In Argentina, increased investments and lower tariffs were immediate gains of the electricity sector liberalization. This was achieved through unbundling the electricity supply businesses, paying attention to lessons learnt from the electricity sector reforms of neighboring countries (such as Chile) and the introduction of competition. However, the macroeconomic crises of 2002 led to the devaluation of their currency and high financial constraints which impacted on the performance of the utility companies and resulted in a halt in further investment for some time [8] .
A similar trajectory (as described in figure 1 ) was noticed in the case of Jordan. However, the electricity reforms in Jordan took a longer time span. The electricity market reforms in Jordan started in the 1970s, while the privatization of the utility companies was done in 2007 [9] . The reform process also aided the removal of energy subsidies by the government of Jordan [10] while increasing investment in electrical generation, transmission and distribution capacity in response to increased energy demand [11] . VOLUME 5, 2017 In South Africa, electricity sector reforms were driven by the need for tariff reduction, building competition into power generation, and overcoming government paralysis of the sector [12] . Despite the politics around the liberalization process in South Africa which slowed down the reform process, the five characteristics outlined in figure 1 featured in the reform process [13] .
B. GLOBAL INFLUENCES ON ELECTRICITY SECTOR REFORMS
On the global plane, there are three broad influences necessitating reforms in the electricity sector. These are:
• Exogenous influences • Developed country influences • Developing country influences The exogenous influences that paved the way for the electricity sector reforms were characterized by: changes in technological innovation such as the development of the Combined Cycle Gas Turbine (CCGT); paradigm shift from government (state-led) to private sector (market-led) development; and macroeconomic shocks of the 1970s to 1980s which led to debt crises and oil shocks.
The developed country influences that supported the need for electricity sector reforms have some attributes that were characterized by: large consumer demand for cleaner power; excess capacity of the electricity system; and investors seeking higher returns from new opportunities in the electricity sector [14] .
The developing country influences are characterized more by: lack of public funds for required expenditures on new investments and/or maintenance; government need to raise revenue through privatization to deal with debt and fiscal crises; and poor operating and financial performance of government-owned utilities [15] .
Indeed, on the global plane, there are three dominant drivers of the electricity sector reforms. These are [16] (pg. 229):
1) The desire to improve investment and operational efficiencies that wreck the performance of monopoly utilities.
2) The need for massive new capacity expansion that places increased demands for finance not readily available from public sources, which calls for greater reliance on private sector involvement. 3) Restructuring and privatization which creates the opportunity for redistributing the rents and assets of the electric power system and for unlocking economic value or reducing government debt.
IV. NIGERIAN ELECTRICITY SECTOR REFORMS: FEATURES AND CHALLENGES
In this section, the major challenges of the Nigerian electricity sector are presented. The key features of the Nigerian electricity sector liberalization process are also presented and discussed.
A. OVERVIEW OF THE NIGERIAN ELECTRICITY SECTOR
The Nigerian electricity sector is characterized by some salient features which served as the foundation for thinking to accelerate the electricity sector reforms. Some of the key features of the Nigerian electricity market are stated below [17] - [22] . 1) Nigeria has about 12,500MW installed electricity generation capacity. However, the operational capacity is about 4000MW due to operational and transmission constraints. 2) About 85% of the installed electricity generation capacity is fueled by natural gas. Inconsistencies in gas production and supply (including vandalism) have impacted greatly on electricity supply. 3) Nigeria's transmission capacity is about 4500MW. This poses a challenge with regards to how to evacuate the excess electrical power generated 4) The electricity distribution infrastructure in Nigeria has one of the world's highest losses (with a distribution loss of about 45%). This is a result of commercial and technical issues. 5) Nigeria has an approximate value of 126kWh of electricity per capita 6) The cost of self-generation (using local generating sets in homes) is twice the cost of grid-based electrical power 7) About 95 million Nigerians do not have access to electricity. 8) Only about 25% of potential electricity generated gets to the end-user Indeed, the aforementioned challenges have got practitioners thinking about the possible ways to organize the Nigerian electricity sector to address these salient challenges.
B. KEY MILESTONES OF NIGERIA'S ELECTRICITY SECTOR REFORMS
The Nigerian electricity sector reforms and liberalization had some basic features. Figure 2 presents a panoramic view of the important milestones in the liberalization process of the Nigerian electricity supply industry from 2001 to 2017. It shows the various steps Nigeria had taken to transit from a monopolistic market structure towards a competitive market structure that accommodates different players.
Indeed, most electricity market structures that started off as a single monopoly utility company have transformed through the liberalization process [23] . In Nigeria, the National Electric Power Authority (NEPA) was the sole monopoly utility company responsible for electricity generation, transmission and distribution for several decades. NEPA was operated as a vertically integrated utility company, with installed generation capacity of about 6,000MW from 4 thermal power stations and 2 major hydro power plants. There were cases of unreliable power resulting to long periods of power outages. Some of these outages were results of poor maintenance and low efficiency of the electricity infrastructure network [24] . The need to address the challenges of the electrical network infrastructure paved the way for the corporatization of the NEPA in 2005. Thus, the Power Holding Company of Nigeria (PHCN) was formed as a holding corporation comprising 6 generation companies, 1 transmission company and 11 distribution companies. An independent regulatory agency, the Nigerian Electricity Regulatory Commission (NERC) was also established in 2005 to regulate the activities of players in Nigeria's electricity market [18] .
Post 2005, there were lots of investments in Independent Power Plants (IPPs) in Nigeria. From 2005 to 2007, the unbundling of the Nigerian electricity sector took place. The PHCN was unbundled into 18 independent companies. In 2010, the Nigerian electrical power sector reforms roadmap was released, which paved the way for the privatization of the electricity generation and distribution subsectors in 2013. However, the transmission company was still retained by the government and was operated under a management contract agreement by Manitoba Hydro International (MHI) [25] .
Arguably, the liberalization of the electricity market will produce different fortunes for the different players (generation, transmission and distribution companies) in the electricity market.
V. FUTURE ORGANIZATIONAL MODELS OF THE ELECTRICITY SUPPLY INDUSTRY
In this section, five possible future models around which most electricity markets will be organized are presented and discussed. Figure 3 shows the five possible future organizational models. It must be noted that the models mentioned is not an exhaustive list as more models can be framed to address a specific country-level challenge or market constraint [26] .
In the models described, the generators are those responsible for electricity generation from various electricity generation sources. The transmission companies are responsible for high voltage power transmission. A clear distinction is made between network distributors and marketers. Network distributors are those responsible for physical transportation of electricity while marketers focus on supply (physical trading) to the end consumers. It must be noted that marketers have a unique role in the entire value chain as they are the only player to focus on physical trading, since they buy electricity in bulk and sell to eligible consumers. Indeed, in the traditional organizational model (model 2), the distribution companies take on the role of network distributors and marketers.
In model 1, eligible consumers purchase electricity from marketers, who in turn buy from network distributors. The network distributors buy from transmission companies who buy from the generators. Model 2 is what has been the status quo in many countries for decades before the liberalization process. However, this market structure can still be maintained with different players responsible for different segments of the value chain. Model 3 presents the possibility where eligible consumers buy from network distributors who in turn buy from the generators. Model 4 presents a scenario where eligible customers buy from marketers who in turn buy from generators. In model 5, a scenario is presented where eligible consumers boycott all intermediaries between themselves and the generation companies and negotiate directly with the electricity producers. This can also happen in the reverse direction where electricity producers go into direct negotiation with the end-consumers. Examples of eligible consumers that can engage with producers and go into direct contract with them are large manufacturing companies capable of buying large amount of bulk power for their industrial needs. There are already examples of this in Nigeria where eligible manufacturing companies engage in direct contract with small scale generating plants for electricity supply. In such a case, a mutual agreement is reached with regards to the modalities of electricity transportation. In the Nigerian case, the electricity producer provides the distribution infrastructure. It is worthy of note that this has worked well in places with relatively short distance between the producer and the eligible consumers.
Indeed, the International Energy Agency (IEA) [23] 
VI. ORGANIZING NIGERIA'S ELECTRICITY SUPPLY INDUSTRY
The Nigerian electricity market is fast changing [27] . It offers rapid electricity growth prospects mainly because of the fast growing population, a booming economy and the low per capita electricity consumption [17] . However, there are also challenges. The Nigerian government has realized that to keep the lights on, there is need for more investments and also the need to attract lots of foreign and domestic investors into the electricity sector. The Nigerian government has made substantial and impressive progress towards liberalization in recent times. However, there are three main challenges that need to be addressed in order to see full and effective market opening: a) Electricity prices in Nigeria are lower than many other African country averages [28] . b) The transmission capacity is very low (∼4500MW), giving little incentives for generation companies to invest in increased efficiency and capacity utilization of power plants since there is no room for evacuation of excess power generated [17] , [29] . c) There is need for further liberalization in the gas market (which is a source of fuel for most power plants) since high government involvement provides incentives for some form of externalities, e.g., pipeline vandalism [22], [30] . Indeed, these aforementioned challenges are linked as they all fall back on the government to take the necessary action in order to ensure effective market liberalization. These challenges reduce investment incentives.
Arguably, in transition and emerging markets, liberalization is positive because it reduces regulatory risks and the risk of political interference. However, in developed markets, liberalization poses fierce competition which puts pressure on profit margins [31] . Indeed, within the Nigerian context, one still expects to see how the privatization forces shape the competitive landscape.
A major advantage that private ownership can provide is to unlock the call for efficiency. For example, the distribution networks in Nigeria have relatively high distribution loses compared with international standards which calls for a need for efficiency investments [32] . Liberalization can offer potential for electricity generation companies to diversify their fuel mix for greater operational efficiency. Indeed, other essential concerns include financial risks. There are still some uncertainties regarding the kind of financial structures that will emerge after the privatization process.
In figure 4 , a new organizational model is proposed that can help drive efficiency and competitiveness in the Nigerian electricity market. In this model, there exist the possibility of generation companies selling electrical power directly to transmission companies, distribution companies and eligible end-customers who are capable of buying bulk electricity (such as manufacturing companies). The fourth channel that may emerge in the future is the role of electricity marketers (energy traders). This model is proposed to address some salient challenges which include: 1. Overcoming the limited transmission capacity constraints by providing other channels for evacuating the excess electrical power generated which the transmission grid cannot accommodate [33] . 2. Providing incentives for the generation companies to invest in energy generation efficiency and improvement measures, since there are other channels (customers) to sell the excess power. 3. Creating competition among players in the electricity supply market since the same end-customer will now have more channels for electricity purchase Following this model, electricity generation companies will need to optimize generation output in accordance with market demand, prepare for new investments, comply with environmental rules, and decreasing operation and maintenance cost. Electricity network operators (transmission and distribution companies) will have to seek new ways of securing physical delivery of electricity (and reducing energy theft), reduce operation and maintenance cost, plan new investments, and ensure regulatory compliance.
In the future, the emergence of electricity marketers and energy traders will likely occur in Nigeria if this model is adopted. They will focus their efforts on creating trading platforms and market liquidity, managing risk exposure, lower cost of transaction and developing wholesale offers that makes the best use of connectivity technologies. Indeed, energy service providers will have to establish new ways to reduce energy cost, seek new ways of managing customer portfolios and risk profiles, establish and launch new energy services, and propose innovative offerings to large customers.
VII. CONCLUSION
In many countries, the electricity markets have been liberalized or are being liberalized through the unbundling process. Electricity producers now have the added task of competing for consumers. Indeed, the electricity market liberalization that is occurring in different parts of the world has got serious implications for the way electricity systems are managed. The quest to limit climate impact of electricity generation from various sources is also another consideration for action. These calls for an electricity governance and organizational structure that not only addresses some of the inherent challenges, but also tackles the issue of energy security, affordability, reliability and sustainability of future electrical systems.
The proposed organizational model for the Nigerian electricity industry will help in addressing the energy supply deficit by providing more incentives to electricity producers and consumers to invest in more electricity infrastructure supply and energy efficiency measures in order to provide the saved excess power to many more consumers who currently have no access to electricity.
Indeed, Nigeria needs to have a rethink of the governance and organizational structure of its electricity supply industry. This is to ensure that we adopt an organizational model that not only addresses some of the salient issues (such as energy access) but also paves the way to a more secure and sustainable energy future.
